Central neural reguhlion of carotid baroreceptor reflexes in the cat. Am. J. Physiol. sag (6) It is not known if baroreceptor reflex responsiveness may be altered independently of changes in the systemic blood pressure.
Hence, it has not been established whether cerebral regulation of the reflex mechanisms may be distinct from any cerebral influence on the neurons of the lower medulla and pons, the brainstem vasomotor neurons, which are necessary for maintaining normal levels of blood pressure (I, 3). To our knowledge, only one previous study has suggested that the reflex may be changed by the brain independently of the blood pressure. Moruzzi (26) in the vagotomized cat demonstrated that the rise of blood pressure elicited by prolonged carotid occlusion and the fall elicited by electrical stimulation of the depressor nerve were both inhibited by an electrical stimulus simultaneously delivered to the anterior cerebellum, which, by itself, did not change the blood pressure. Although it is not certain that the blood pressure responses tested were exclusively baroreceptor, Moruzzi's study suggests a functional distinction between brainstem mechanisms maintaining blood pressure levels and those regulating vascular reflex excitability. In this investigation we have sought to determine, by ablating or electrically stimulating the rostra1 brain areas, if the blood pressure responses of the baroreceptor reflex may be modified independently of the systemic blood pressure in cats with both vagr ana one carotid sinus nerve sectioned. Both the pressor response to carotid occlusion and the depressor response to carotid sinus stretch have been tested in order to sample each end of the baroreceptor stimulus/response curve (21) and to see if both extremes of this curve change in any constant relationship to each other. The extremes were tested because of the reproducibility of the stimulus. Preliminary reports of these findings have been made (28, 29 (22) and stimulus/response curves (2 I) plotted.
Truncation
The brainstem was sectioned above the tentorium after ligation of the other external carotid artery. Section was performed under direct vision by making a partial incision with a spatula and then completing the separation by suction. Cerebellectomy was performed by suction alone. The exposed floor of the fourth ventricle was protected by a pool of warm mineral oil. Section of the brainstem below the tentorium was always done by spatula under direct vision through a dissecting microscope. In one animal, pontomedullary lesions were made by a ventral approach through the roof of the mouth.
Electrical Stimulation 
Histologic Examination
The animals were sacrificed by perfusion through the heart with normal saline followed by IO 70 Formalin. After fixation, the brains were sectioned, frozen, or embedded in celloidin.
Facing sections were stained with cresyl violet for cells and Lillie's variant of the Weil method for fibers. The location of electrodes or the plane of truncation was then reconstructed. The detailed histologic methods have been described elsewhere (25). At the end of each experiment, the innervated carotid sinus area was inspected for clots. Since these may alter the reflex response, animals from this study.
with clots were discarded General Procedure After the completion of the preparation and when the blood pressure had stabilized, a series of control values, usually four to eight trials, for pressor and depressor responses were obtained. Following this, attempts were made to alter the reflex responses by truncation or electrical stimulation.
After truncation, at least 30 min were allowed to elapse before the reflexes were again tested. With electrical stimulation of the brainstem, the usual proced ure was to obtain a control series of reflex responses, observe the effect of stimulation on the baseline value of blood pressure, and then note the effects of combined stimulation of brainstem and baroreceptors.
Analysis of Results
The reflex changes in aortic blood pressure were calculated as changes in the mean blood pressure (the diastolic I 269 pressure plus one-third of the pulse pressure). The absolute blood pressure response to carotid occlusion or sinus stretch after neural intervention was compared with the control responses. Changes were expressed as percentages of the control. When applicable, statistical analysis was done.
RESULTS

Control Responses
Stretching the carotid sinus with intraluminal pressure of 230 mm Hg or more produced a fall in mean aortic pressure averaging 26 mm Hg (range: 6-51 mm Hg) (Table I ). This was the maximal depressor response. With rapid pulsing stimulation, the blood pressure reached the nadir within 5-10 set and returned to base line [10] [11] [12] [13] [14] [15] set after the stimulus ended. The magnitude of the response varied little within a testing period. Changes in heart rate with sinus stretch were inconsistent, independent of the depressor response, and when present consisted of a slight bradycardia.
Reduction in the depth and frequency of respirations, or even apnea, was almost invariably associated with sinus stimulation Usually respiratory changes lasted for only one breath preceding the fall of blood pressure (see Fig I) and probably did not contribute to the magnitude of the depressor response, since on repeated trials no relationship between the magnitude of the respiratory and of the vasomotor responses was demonstrated. Complete occlusion of the common carotid artery resulted in a prompt rise in the aortic blood pressure averaging 40 mm Hg (range: I 3-73 mm Hg). It reached its maximum within [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] sec. Changes in heart rate were inconsistent, but when present consisted of slight acceleration.
An increase in the depth and rate of respiration occurring IO set after the onset of the stimulus was seen once in an unanesthetized, decerebrated animal. Introduction of several o. ~-ml doses of I % acetic acid into the sinus area to destroy the chemoreceptors (I animals after base lines had been established (Table   I ).
In one animal the rostra1 section was between a point just ahead of the superior colliculus dorsally and the caudal edge of the optic chiasm ventrally. In three animals the section passed between the same dorsal landmark and a point just in front of the mammillary bodies. In the remainder, the sections were made in varying planes between the colliculi and the base of the midbrain as far back as the rostra1 border of the pons The patterns of change in cardiovascular function resulting from truncations in this wide region were similar, although the degree of skeletal muscle rigidity varied. The changes observed were: a) A fall of the mean aortic blood pressure from an average control level of 138 mm Hg to an average of IOI mm Hg. For I 2 of the 15 de- For the group, the average reduction was 53 %* In 5 of the 15 animals, the initial rostra1 decerebration was followed by a second caudal transection within the confines of the zone defined above. In no instance did this second section alter the pattern of cardiovascular changes resulting from the initial decerebrating transection.
2) Cerebdectomy. Total cerebellectomy was performed in eight animals which had previously been decerebrated. With this intervention, additional cardiovascular changes were observed as follows (Table 2 and Fig. I ): a) there was no significant change in the systemic blood pressure; b) the heart rate increased from a mean of 147 to 198 beats/min; c) the reflex drop in blood pressure to sinus stretch was further increased an additional 47 % (P = 0.05) over the already augmented fall seen in the decerebrated animal; d) the reflex pressor response to carotid occlusion was augmented rag 70 in all animals when compared with the response in the decerebrated animal.
Cerebellectomy, therefore, returned the pressor response toward the level found in the animal prior to decerebration.
In individual cases the re-established response was greater than, smaller than, or the same as the control.
After cerebellectomy, in several animals, a marked "rebound" overshoot of the blood pressure followed on the reflex blood pressure drop to sinus stretch. An unusually large response is illustrated in Fig. 2 . The opposite phenomenon, a rebound fall following the pressor response to carotid occlusion, was not seen.
3) Pontine and meduZZary sections. Serial transections of the brainstem below the midbrain were made in I 3 animals.
Of these, 12 were performed on cerebellectomized, decerebrated animals. In one, the lesion was placed by a ventral approach, leaving the cerebellum intact. Transections of the rostra1 pons resulted in apnea, as is usual in vagotomized animals with lesions at this level. The blood pressure and the heart rate underwent a marked initial increase following rostra1 pontine lesions in vagotomized animals (I 4). This elevation was not usually sustained, however, and after several minutes both heart rate and blood pressure tended to drift down to levels which were the same as or lower than those seen prior to section.
A critical level for baroreceptor responses was found at the level of the facial colliculus.
In five animals, sections passing through this dorsal landmark and through the superior olivary complex between its middle and the rostra1 pole resulted in the following cardiovascular pattern (Fig. 1 ) : a) little or no change in blood pressure or heart rate; b) a "paradoxical" rise of blood pressure with sinus stretch rather than the usual fall and sometimes associated with a slight bradycardia; c) the complete disappearance of the pressor response to carotid occlusion in four of the five animals.
In the one animal in which the lesion was made through the ventral approach, the pressor responses persisted. More caudal sections through the medulla at a level just ahead of the rostra1 pole of the inferior olive resulted in a further fall in blood pressure to a mean level of about 70 mm Hg and disappearance of responses to carotid sinus stretch or carotid occlusion. The appearance of a paradoxical pressor response to carotid stretch following transection of the lower pons suggests that the depressor response depends on the integrity of structures within this area. The absence of the depressor response in this instance cannot have been the result of the blood pressure having reached a minimum, since medullary section produced a further fall. This unmasking of a pressor response to stretch also poses the question as to whether or not there may be an unsuspected pressor component associated with baroreceptors. Fig. 3 . In this experiment, graded increases in the intensity of the stimulus over a narrow current range resulted in almost a sixfold increase of the pressor reflex before any change was observed in the ba se-line blood pressure. Al though in this particular experiment increasing the stimulus cuirent resulted in a fall of blood pressure, potentiation of the pressor reflex also occurred at loci from which an increase in the stimulus strength resulted in a rise of base-line blood pressure. b) 1 mmedi ately following the electrical stimulus, there was a I short period in which the pressor respon ses to carotid occlusion were reduced or even absent (Fig. 4) . The intensity and duration of this poststimulatory reduction of pressor response were d irectly related to the intensity of the stimulus (Fig. 4, bottom) . This inhibitory phenomenon could be selectively abolished transiently by small intravenous doses of Pentothal (3-5 mg/kg) which failed to affect the base-line blood pressure or the potentiation of the pressor response during electrical stimulation.
c) An especially prolonged inhibition of the pressor response to carotid occlusion followed brain stimulation in one experiment and is demonstrated in Fig. 5 . Here, electrical stimulation in the posterior hypothalamus (Fig. 6) at 30 cycles/set (Fig. 5, A) caused no change in the base-line pressure but did produce the usual potentiation and mild poststimulation depression (Fig.  5, B, I and 2). Immediately thereafter, another stimulus at 5 cycles/set which itself produced only a slight fall of blood pressure (Fig. 5, C ) was followed by a prolonged reduction of the pressor response which could be temporarily returned to control level when paired with stimulus at 30 cycles/set (Fig. 5, D) . The inhibition was abolished I z min after its onset by intravenous Pentothal (Fig. 5, I 2) and could not immediately be re-established (Fig. 5, E The pressor response to carotid occlusion probably results from the withdrawal of the background baroreceptor activity present at normal levels of blood pressure (6). While anoxemic excitation of chemoreceptors may contribute to the pressor response, the usual absence of respiratory changes during the relatively brief period of occlusion and the absence of change in the pressor response following the presumed destruction of chemoreceptors by I % acetic acid (12) suggest that the chemoreceptor contribution, if any, is small.
Locus of Induced Alteration of Buroreceptor Resj.mnsiveness
It may be assumed that the changes in baroreceptor reflex responsiveness which followed destruction or stimulation of the brain resulted from change in excitability within the central pathways of the reflex arc for several reasons: a) since the reproducibility of the test stimuli was assured by the use of stimuli designed to test both the maxima and minima of the baroreceptor stimulus/response curve, the effects were not the result of fluctuation in the stimulus intensity; b) section of the vagi and opposite carotid sinus nerve eliminated possible variability of the response due to compensatory baroreceptor reflexes; c) vagotomy also excluded any inconstant contribution of heart rate to the magnitu.de of the blood pressure responses; after vagotomy, reflex changes in heart rate were negligible; d) since the effect of adrenomedullary catecholamines and vasopressin on baroreceptor reflexes is well known (3.6, 23) and none of our findings are explicable on an action of these agents on baroreceptors or blood vessels, it is unlikely that our results are due to their liberation as a result of cerebral stimulation or ablation.
Independence of Baroreceptor Reflex
Responses animal is the result of inhibition rather than destruction of neurons involved in the reflex itself. The fall of blood pressure which followed decerebration poses the question as to whether the forebrain may not, in addition to its effect on the baroreceptor reflex, also contribute a tonic influence to the mechanisms maintaining normal blood pressure. We have demonstrated elsewhere (30) that the magnitude of this fall in our animals is only sufficient to cancel the rise of pressure produced by the initial section of the two vagi and one carotid sinus nerve, thereby bringing the blood pressure back to, but not below, the control level. Decerebration in animals with these nerves intact does not change the blood pressure, in confirmation of many others (3). These observations and the fact that cerebellectomy does not alter the base-line blood pressure (33) suggest that forebrain and cerebellum principally influence tonically only those brainstem mechanisms involved in the reflex blood pressure changes, rather than those necessary for maintaining the resting levels of the systemic pressure.
Phasic Influences
The baroreceptor reflexes may also be influenced phasically, as evidenced by the effects of electrical stimulation of hypothalamus and midbrain. Although it is not possible to discern by our techniques whether the changes resulted from excitation of fibers of passage or of intrinsic nuclear groups, it may be concluded that within these regions are structures capable of altering the reflex responses, and which do so at a lower threshold than required to alter the blood pressure. 
